Vesicular storage of adenosine triphosphate in the guinea-pig cochlear lateral wall and concentrations of ATP in the endolymph during sound exposure and hypoxia.
Previous studies have revealed putative vesicular stores of adenosine triphosphate (ATP) in the marginal cells of the cochlear stria vascularis which may serve as a source of ATP for purinergic signalling. This study aimed to provide further evidence of ATP storage in the cochlea and to see whether ATP levels in the endolymph are affected by noise and hypoxia. Tissues from the lateral wall and organ of Corti of the guinea-pig cochlea were fractionated to obtain vesicular (VF) and mitochondrial (MF) fractions. Free and total ATP were then measured by the luciferase-luciferin reaction from which membrane-bound vesicular ATP was calculated. In the lateral wall, the VF contained 2.02+/-0.04 nmol ATP/mg protein (n = 5), significantly greater (p < 0.001; paired Student's t-test) than the concentration of ATP in the MF (0.36+/-0.05). In the organ of Corti, the VF contained 0.69+/-0.08 nmol ATP/mg protein (n = 4), significantly smaller than the amount in the VF of the lateral wall tissues (p < 0.001; non-paired Student's t-test). Small amounts of fumarase. an enzyme of the mitochondrial matrix, in the VF, excluded the possibility of mitochondrial ATP contamination. To investigate the effect of hypoxia and noise on the ATP concentrations in the endolymph, fluid samples were collected from the first (basal) cochlear turn of anaesthetized guinea-pigs. As a result of hypoxia (15 min, 13% F1O2), ATP concentrations (nM, mean +/- SEM) increased from 6.2+/-2.3 to 9.3+/-4.5 (n = 4), but the difference was not statistically significant. As a result of noise (15 min, 10 kHz, 110 dB SPL. broad band), the ATP levels increased significantly from 7.4+/-1.2 to 16.0+/-1.8 (p = 0.01; Student's t-test: n = 4). This study has demonstrated the presence of a vesicular store of ATP in the stria vascularis of the cochlea and described an increase in the ATP levels in the endolymph during noise exposure. The findings suggest that ATP is actively secreted from the vesicular store under conditions of metabolic stress. The presence of ATP under basal conditions supports a role for ATP in the sound transduction process during normal function.